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Advantages of subaperture QED 2
StltChlng | Technologies

- Use of smaller mterferometers
+ Shorter air path (concaves) (use long radlus diverger)
+ Smaller transmission optics (convex)

¥ ngher lateral resolution
—+ Subaperture has the full interferometer resolutlon so the
- stitched result can have more than that
- Calibration of systematic errors |
+ Part motion 'allows reference wave and other calibrations

= Avoid null optlcs for aspherlc testing

+ Again, the subaperture has the mterferometer capablllty, so the
stitched result can have more

+ Thus a high enough magnification with enough subapertures
can non-null test an asphere
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Stitching background and &
motivation R QE:B}IO@ES

= Background - subaperture
stitching Is not new

+ Low-order polynomial fit to non-
overlapped subapertures

~ + Microscope pair-wise stitching

« Zonal (annular subaperture)
asphere testing

- Translation along aspheric caustic to
match local radius

+ Large, high-resolution plano

opilcs © | i

- Simultaneous optimization of DC
and tilt of all subapertures
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QED ¢

The SSI System | | Technologies

« 4” or 6” Zygo GPI
= Interferometer

= 6-axis computer controlled
workstation

* Englneered in cooperatlon W|th
Schneider Opticmachines

= QED patented techniques
and advanced software

+ Motion control
+ Interferometer control

+ Stitching algorithms | = @"”terfefometer Computer control
+ Automation ' &
_ — _ " _ data processing

Mechanical staging
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Innovative Metrology: SSI N
Subaperture Stitching Interferometer Ny

- .

~+ Reference wave, distortion, pixel scale
= e

dPETLUTE!
Mdap
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SS| measurement example

Aperture — 148.34 mm (5.84”)
Radius — 82.55 mm (3.25”) = .-
CT - 3.04 mm (0.12”) -
Sag — 50.39 mm (1.984”)

:._Objectlve Zygo 4” fl1 5
':'.-Subaperture 55.1 mm SEaeaa
: Reqmred 25 subapertures = =
== (4 center 9 mner 12 outer)

Inner Rlng

Quterng  peeee———
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The Stitched Result

= zugo Surface/Wavefront Map

+0.23201 |

Ttﬁ.ﬁ ZYygo Surface/Wavefront Map

i

pm
+0.01490 | -

PN
Peak

-0.81139 | |

N7 0

B 1.649 WaVe | rms 0.18661 wave | g

Radius: 82.6 mm

Valley |
Surface:

7

PV -1.649 A (@ 633nm)

Rms - 0.187 A (@ 633nm)
Total measurement time:

12 minutes!!

-0.01106 |

BV 0.041 wave 0.00665 wave |
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SS| measurement process

. =) Specify surface to test
v
Select transmission sphere

and define lattice
v

Locate central null

v

Move to lattice position
v

Auto-null
v

Measure

v

Stitch H
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Stitching algorithm QED *

Technologies

B M|n|m|zes mlsmatch m overlap reglons by addlng an
= optlmal amount of error compensation
= Free compensators vary in each subaperture =

= R Tradltlonal allgnment errors: plston tilt, power e
= But other errors can be mcluded e.g. translatlon orrentatlon o

' -_ X Interlocked compensators same in each subaperture j =
| D Reference WEW error (as a Zern|ke polynomlal serles)

— X Geometrlc dlstortlons of wewmg system

Does not require separate calibration procedure to determlne and
separate systematlc errors from stltched results' - '

F(xy) = fi(x,y) + DC, +thlt x + Ytilt; y + Power (x2 +y2)

Fi(x.y) = [y +[ 2 a, g (en]+[2 e Gi(x.p)]
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Example of stitching- _ ED 4

computed reference wave Technologies
R'e'fere'nce_Wave full a.pe'rtUre.'- = rms m'isniat'ch_ reference wave

—compensation

~ OFF

__PV1Zan
'-rms456nm'
ON

PV21.6nm ~ PV348nm
_ = -~ rms3.10nm rms1.05nm  rms4.34nm
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Metrology performance -
stitched vs. full-aperture

* Technologies

Comparison of stitchedand /07
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Full-aperture measurement ED
using TS 4” 1/ 0.75 | Technologies

reference wave (two-sphere calibrated) test surface

PV: 14.7 nm rms 2.19 nm PV: 36.6 nm rms 3.72 nm
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Stitched measurement _
using TS 4”1/ 1.5 | QEB}Iogies

Stitched test surface Difference from full- aperture measurement

PV: 33.0 nm rms 3.64 nm PV: 6.68 nm rms 0.66 nm
rms mismatch '

PV:3.46 nm rms1.17 nm
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Stitched measurement _
using TS 4”7 f/33 QE:Qt}Iogies

Stitched test surface Difference from full- aperture measurement

||||m||:| | | |lj ||I ||”HHH
PV: 28.9 nm rms 3.18 nm PV: 104 nm rms 1.32 nm

rms mismatch

PV:4.51 nm rms 1.05nm
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Suaening merits 1or iarge
mirrors

n Boosted testable aperture sizes (| e.
= _'cost-effectlve reference optics)

« Boosted testable aspherlc departure ”

{can alleviate need for nulls)

= -Boosted accuracy (from thorough
~automated calibration of reference ,
wave dlstortlon retrace etc.) '

i-__.Boosted resolutlon _-

= Reduced non-common air path for :
-Iong-radlus concaves

= Dominant uncertalnty weII matched _
= to adaptlve mlrrors e |

M. Tricard, 09/18/2003
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